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1
DISK DRIVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a disk drive including an
optical pickup for playing an optical disk and an optical
pickup for writing or reading information signals to or from
the optical disk.

This application claims the priority of the Japanese Patent
Application No. 2003-347673 filed on Oct. 6, 2003, the
entirety of which 1s incorporated by reference herein.

2. Description of the Related Art

There has been proposed an optical disk drive including
two optical pickups, one of which 1s to play a CD (compact
disk), CD-R, CD-ROM or the like and the other of which 1s to
play a DVD (digital versatile disk) (ci. the Japanese Patent
Application Laid Open Nos. H09-282671 and H09-282672).
The disk drive includes a device body and a sub chassis
disposed 1nside the device body, and has disposed on the sub
chassis a disk rotation drive to rotate each of various types of
disk-shaped recording media while holding 1t, first pickup
unit to read information signals or the like from a DVD,
second pickup unit to play a CD, CD-R or CD-ROM and a
skew adjusting mechanism to adjust an inclination of the first
and second pickup units.

The sub chassis 1s formed generally rectangular, and has a
damping member formed from rubber or the like provided
near each corner thereof. The sub chassis 1s disposed 1nside
the device body with the damping members laid between
them, and thus it 1s 1solated from vibration. Also, on the sub
chassis, there are provided the disk rotation drive disposed
nearly at the center, and the first and second pickup units
disposed opposite to each other across the disk rotation drive
or at a predetermined angle defined between them.

The disk rotation drive to hold each of various types of
disk-shaped recording media rotatably includes a disk table
on which the disk-shaped recording medium 1s place, and a
spindle motor with a spindle shait to which the disk table 1s
fixed. The disk rotation drive rotates the disk-shaped record-
ing medium set on the disk table at a constant linear velocity
or angular velocity. The disk rotation drive 1s disposed nearly
at the center of the sub chassis.

The first pickup unit to play a DVD 1s supported on a pair
of guide shafts provided in parallel to the length of the sub
chassis, and can freely be moved by a pickup moving mecha-
nism radially of the DVD. Also, the first pickup unit includes
a pickup having a semiconductor laser that emits a laser beam
of 650 or 635 nm 1n wavelength, and a skew sensor.

The second pickup unit to play a CD, CD-R or CD-ROM 1s
supported on the pair of guide shaits provided 1n parallel to
the length of the sub chassis, and can freely be moved by a
pickup moving mechanism radially of a CD or the like. Also,
the second pickup unit includes a pickup having a semicon-
ductor laser that emits a laser beam of 780 nm 1n wavelength.

In the disk drive, when a disk-shaped recording medium 1s
held on the disk table, its type 1s detected and either the first or
second pickup unit 1s selected which 1s suitable for the speci-
fications of the recording medium. Then, the first or second
pickup unit selected correspondingly to the type of the disk-
shaped recording medium set on the disk table 1s activated to
emit a laser beam having a predetermined wavelength for
reading information signals from the recording medium.
Also, an inclination of the reading laser beam 1s detected by
the skew sensor provided on the first pickup unit with refer-
ence to a skew detection hole, and one of the guide shafts 1in
pair 1s driven by the skew adjusting mechanism. Thus, each
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pickup in the first or second pickup unit supported on the pair
of guide shafts has the inclination of an objective lens thereof
adjusted for adjustment of a skew.

In such a disk drive, the pair of guide shafts 1s provided to
extend over the sub chassis and the first and second pickup
units supported on the pair of guide shaits are disposed on the
same sub chassis, so that the first and second pickup units can
have the height thereot defined accurately. Therefore, the disk
drive can accurately position the disk-shaped recording
medium without any troublesome positional adjustment of
the first and second pickup units 1n relation to the disk-shaped
recording medium.

In the above disk drive, however, either the first or second
optical pickup unit 1s selected correspondingly to the type of
a disk-shaped recording medium inserted in the device body,
the pickup 1n the selected one of the optical pickup units 1s
moved radially of the disk-shaped recording medium. At this
time, the pickup in the other optical pickup unit not selected
1s positioned at the mner or outer radius of the disk-shaped
recording medium. Therefore, 11 the pickup 1n the selected
optical pickup unit moves to the outer or inner radius of the
disk-shaped recording medium, the weight of the sub chassis
will be imbalanced.

More specifically, the disk drive has the disk rotation drive
provided generally at the center of the sub chassis and the first
and second pickup umts provided in positions opposite to
cach other across the disk rotation drive so that when each of
the pickups 1n the first and second pickup units 1s 1n an 1nitial
position at the outer or inner radius of a disk-shaped recording
medium, the center of gravity of the sub chassis will come to
the disk rotation drive including the spindle motor which wall
be a source of vibration. However, when one of the optical
pickup units, selected correspondingly to the type of a disk-

shaped recording medium set 1n place, 1s moved, the weight
balance of the sub chassis will be lost.

Thus, the center of gravity of the sub chassis will be off the
spindle motor which 1s the source of vibration, vibration
1solation will be lost, disk-shaped recording medium cannot
be rotated stably, and no skew can be detected accurately.

Also, there have recently been prevailing disk drives
capable of reading information signals from a disk-shaped
recording medium such as a DVD and also writing informa-
tion signals to the recording medium. Such a disk drive 1s
required to have a capability of detecting and correcting an
inclination of the optical axis of a laser beam 1n relation to the
disk-shaped recording medium in which the recording track
pitch1s small, such as a DVD, with a higher accuracy than that
in a disk drive which plays a CD or the like.

Also, the distance between an optical disk and skew sensor
always varies since it depends upon the type of a disk-shaped
recording medium such as CD, DVD or the like, state in
which the disk-shaped recording medium 1s chucked to the
disk table, warp of the disk-shaped recording medium and so
forth. On this account, skew detection and adjustment are
always done while the disk-shaped recording medium 1is
being rotated, for an accurate skew detection of the skew
SENSor.

In the aforementioned disk drive, however, a pair of guide
shafts 1s provided to extend on one sub chassis, a first pickup
unit dedicated for CD and second pickup unit dedicated for
DVD are supported on the guide shaits, respectively, and
skew of these first and second pickup units 1s adjusted through
adjustment of an inclination of the guide shaft. Thus, 1t 1s
difficult to make an accurate, real-time skew adjustment
while the disk-shaped recording medium 1s being rotated.

Also, there have recently been prevailing disk drives
capable of reading information signals from a disk-shaped
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recording medium such as a DVD and also writing informa-
tion signals to the recording medium. Such a disk drive 1s
required to have a capability of accurately detecting the type
of a disk-shaped recording medium set 1n place 1n order to
define a write or read format, and writing or reading informa-
tion signals to or from the disk-shaped recording medium in
a format corresponding to the detected type of the disk-
shaped recording medium.

Also, there have recently been prevailing disk drives
capable of reading information signals from a disk-shaped
recording medium such as a DVD and also writing informa-
tion signals to the recording medium. Such a disk drive 1s
designed to write or read information signals to or from a
disk-shaped recording medium whose recording track pitch is
small, such as a DVD, by having a laser beam 1n a predeter-
mined format corresponding to the type of the mserted disk-
shaped recording medium track a recording track on the latter
while accurately controlling tracking and focusing 1n relation
to the disk-shaped recording medium.

Conventionally, to verify whether information signals have
normally been written to such a high recording-density disk-
shaped recording medium, an optical pickup unit used for
writing information signals 1s used to read information sig-
nals. Therelfore, since the information signals are read after
writing the information signals, the verification cannot be
done rapidly.

Also, 1n the conventional disk drive, since a disk-shaped
recording medium 1s to be carried along the length of a sub
chassis, so 1t has to be carried over a long distance from a disk
slot in a device body to a disk table. Also, the disk transport
mechanism to carry a disk-shaped recording medium along
the length of the sub chassis 1s considerably large. Further,
because of the long carrying distance, it will take a consider-
ably long time to inset or eject the disk-shaped recording
medium.

Also, 1n case the disk-shaped recording medium 1s to be
carried on a disk tray, the disk tray should have formed therein
openings through which first and second optical pickup units
can be exposed to the signal recording surface of the disk
recording medium within a range between the inner and outer
radi1 of the latter. The openings have to be formed opposite to
each other across the center of a disk mount. Therefore, the
rigidity of the disk tray cannot be assured and also the disk
tray should be produced by a complicated process.

Also, 1n the conventional disk drive, a damping member to
1solate a sub chassis from vibration 1s provided near each
corner of the sub chassis, and a spindle motor as a source of
vibration 1s disposed nearly at the center of the sub chassis.
Theretfore, the damping member 1s so separated from the
source of vibration that 1t cannot effectively absorb vibration
from the spindle motor. Also, the damping member 15 pro-
vided near each corner of the sub chassis. As the first or
second optical pickup unit 1s moved to the inner radius of a
disk-shaped recording medium and thus approaches the
spindle motor as the source of vibration, the damping member
will be separated from the first or second optical pickup unait.
Thus, write or read of information signals will possibly be
adversely affected by the vibration of the spindle motor.

OBJECT AND SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to over-
come the above-mentioned drawbacks of the related art by
providing a disc drive including two optical pickup units and
capable of making weight balancing of the whole device
while one of the optical pickup devices 1s being driven.
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The above object can be attained by providing a disk drive
including according to the present invention:

a base chassis;

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium and a
spindle motor coupled to the disk table to rotate the latter;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to write and/or read
information signals to and/from a first disk-shaped recording
medium set on the disk table, and a first pickup moving
mechanism that moves the first optical pickup unit radially of
the first disk-shaped recording medium:;

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit radially of the second
disk-shaped recording medium; and

a controlling means for making weight balancing of the
base chassis by detecting a distance over which one of the first
and second optical pickup units has been moved and moving
the other optical pickup umt radially of the first or second
disk-shaped recording medium synchronously with the one
optical pickup unat.

In the above disk drive according to the present invention,
since one of the first and second optical pickup units disposed
opposite to each other on the base chassis 1s moved toward the
inner or outer radius of the first or second disk-shaped record-
ing medium while the other optical pickup unit 1s moved
toward the mner or outer radius of the first or second disk-
shaped recording medium synchronously with the movement
of the one optical pickup unit, the movement of the other
optical pickup will counterbalance a change in weight bal-
ance of the base chassis, caused by the movement of the one
optical pickup unit. Therefore, even 1t the first or second
optical pickup unmit has been moved to any position between
the 1ner and outer radi1 of the first or second disk-shaped
recording medium, the center of gravity of the base chassis
will not be off the disk rotation drive as a source of vibration,
whereby the first or second disk-shaped recording medium
can be kept stably rotated without any axial deflection. Also,
because the first or second disk-shaped recording medium 1s
rotated stably, the first or second optical pickup unit can write
or read content data positively.

It1s another object of the present invention to provide a disk
drive including two pickup units corresponding to different
types of disk-shaped recording media and capable of making
an accurate, real-time skew adjustment.

The above object can be attained by providing a disk drive
including according to the present invention:

a base chassis;

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium and a
spindle motor coupled to the disk table to rotate the latter;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to only read infor-
mation signals recorded i a first disk-shaped recording
medium set on the disk table, and a first pickup moving
mechanism that moves the first optical pickup unit radially of
the first disk-shaped recording medium;

a first skew adjusting means for adjusting a skew of the first
optical pickup unit correspondingly to an inclination of the
first optical pickup unit;

a second optical pickup mechamism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
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and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit radially of the second
disk-shaped recording medium;

a skew detecting means for detecting an inclination of the
optical axis of light emitted from the second optical pickup
unit 1n relation to the second disk-shaped recording medium;
and

a second skew adjusting means for adjusting a skew of the
second optical pickup unit writing or reading information
signals to or from the second disk-shaped recording medium
by adjusting an inclination of the second optical pickup unit
correspondingly to the optical axis inclination detected by the
skew detecting means.

The above disk drive according to the present invention
includes the first optical pickup unit to only read information
signals from the first disk-shaped recording medium, second
optical pickup unit to write and/or read information signals to
and/or from the second disk-shaped recording medium, and
the first and second skew adjusting mechanisms to make a
skew adjustment of the first and second optical pickup units,
and can thus make an accurate, real-time skew adjustment of
the second optical pickup unit during reading or writing infor-
mation signals from or to the second disk-shaped recording
medium. Therefore, the two optical pickup units and skew
adjusting mechanisms can selectively be used correspond-
ingly to the type of a disk-shaped recording medium inserted
in the device to write or read content data at an appropriate
skew angle.

It1s another object ol the present invention to provide a disk
drive including two optical pickup units corresponding to
different types of disk-shaped recording medium and which
writes or reads information signals, 1n which the type of a
disk-shaped recording medium inserted 1n the device body
can be detected with a high accuracy.

The above object can be attained by providing a disk drive
including according to the present invention:

a base chassis:

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium and a
spindle motor coupled to the disk table to rotate the latter;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to read information
signals from a first disk-shaped recording medium set on the
disk table, and a first pickup moving mechanism that moves
the first optical pickup umit radially of the first disk-shaped
recording medium;

a first skew adjusting means for adjusting a skew of the first
optical pickup unit correspondingly to an inclination of the
optical axis 1n relation to the disk-shaped recording medium;

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit radially of the second
disk-shaped recording medium:;

a skew detecting means for detecting an inclination of the
optical axis of light emitted from the second optical pickup
unit 1n relation to the second disk-shaped recording medium;

a second skew adjusting means for adjusting a skew by
adjusting an 1nclination of the second optical pickup unit
correspondingly to an inclination of the optical axis, detected
by the skew detecting means; and

a detecting means for detecting the type of a disk-shaped
recording medium inserted by the second optical pickup unit
into the device body.
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In the above disk drive, the second optical pickup unit 1s
used to write or read information signals to or from various
types of disk-shaped recording media, and the skew detecting
means and skew adjusting means accurately correct an incli-
nation of the optical axis of a laser beam projected onto the
signal recording surface having a very small physical format
including a track pitch, pit, etc. Therefore, using the second
optical pickup unit to detect the type of a disk-shaped record-
ing medium, it 1s possible to distinguish between disks
through accurate detection of identification data recorded on
the signal recording surface.

It1s another object of the present invention to provide a disk
drive including two optical pickup umts corresponding to a
plurality of types of disk-shaped recording medium and
which writes or reads information signals, 1n which the type
of a disk-shaped recording medium 1nserted 1n the device
body can be detected by one of the optical pickup units that 1s
used less frequently, thereby permitting to assure a longer
service life of the entire device.

The above object can be attained by providing a disk drive
including according to the present invention:

a base chassis;

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium and a
spindle motor coupled to the disk table to rotate the latter;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to read information
signals from a first disk-shaped recording medium set on the
disk table, and a first pickup moving mechanism that moves
the first optical pickup unit radially of the first disk-shaped
recording medium;

a first skew adjusting means for adjusting a skew of the first
optical pickup unit correspondingly to an inclination of the
optical axis 1n relation to the disk-shaped recording medium;

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit radially of the second
disk-shaped recording medium;

a skew detecting means for detecting an inclination of the
optical axis of light emitted from the second optical pickup
unit 1n relation to the second disk-shaped recording medium;

a second skew adjusting means for adjusting a skew by
adjusting an 1nclination of the second optical pickup unit
correspondingly to an inclination of the optical axis, detected
by the skew detecting means; and

a detecting means for detecting the type of a disk-shaped
recording medium inserted by the first optical pickup unit into
the device body.

In the above disk drive, the first optical pickup unit 1s used
to only read data from the disk-shaped recording medium and
less frequently than the second optical pickup unit which 1s
used to write and/or read data to and/or from the disk-shaped
recording medium. Therefore, the first optical pickup unit 1s
used to detect the type of a disk-shaped recording medium
inserted 1n the device body, thereby permitting to reduce the
load to the frequently used second optical pickup unit and
thus assure a longer service life of the entire device.

It1s another object of the present invention to provide a disk
drive including two optical pickup umts corresponding to a
plurality of types of disk-shaped recording medium and
which writes or reads information signals, in which it can be
verified rapidly whether the information signals have suc-
cessiully been written to a disk-shaped recording medium.
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The above object can be attained by providing a disk drive
including according to the present invention:

a base chassis;

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium and a
spindle motor coupled to the disk table to rotate the latter;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to write and/or read
information signals to and/or from a first disk-shaped record-
ing medium set on the disk table, and a first pickup moving
mechanism that moves the first optical pickup unit radially of
the first disk-shaped recording medium:;

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit radially of the second
disk-shaped recording medium; and

a detecting means for detecting whether the first optical
pickup unit has successiully written information signals to
the disk-shaped recording medium while the second optical
pickup unit 1s wiring the information signals to the disk-
shaped recording medium.

In the above disk drive, there are provided the first and
second optical pickup units, and it 1s possible to rapidly detect
any write error and retry a write through simultaneous veri-
fication of whether the first and second optical pickup units
have successtully written. Therefore, this disk drive can write
data, and retry to write data, to a disk-shaped recording
medium more rapidly than a disk drive including a single
optical pickup unit and in which write error 1s detected by the
optical pickup unit after completion of data write.

It1s another object of the present invention to provide a disk
drive in which the distance over which a disk-shaped record-
ing medium 1s carried 1s so short as to rapidly insert or eject
the disk-shaped recording medium.

The above object can be attained by providing a disk drive
including according to the present invention:

a device body having formed at the front side thereof a disk

slot through which a disk-shaped recording medium 1s
inserted;

a base chassis formed generally rectangular and disposed
inside the device body for the length thereof to be parallel to
the front of the device body;

a disk rotation drive including a disk table disposed nearly
at a longitudinal middle of the base chassis to hold a disk-
shaped recording medium and a spindle motor coupled to the
disk table to rotate the latter:

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to write and/or read
information signals to and/or from a first disk-shaped record-
ing medium set on the disk table, and a first pickup moving
mechanism that moves the first optical pickup umit from near
the longitudinal middle of the base chassis to one end of the
latter; and

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, and a second pickup moving mechanism that
moves the second optical pickup unit from near the longitu-
dinal middle of the base chassis to the other end of the latter,

the disk-shaped recording medium being carried 1n a direc-
tion perpendicular to a moving direction of the first or second
optical pickup unat.
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In the above disk drive, the base chassis 1s disposed for the
length thereof to be parallel to the front of the device body,
and the disk-shaped recording medium inserted through the
disk slot 1s carried 1n the direction perpendicular to the lon-
gitudinal direction of the base chassis 1n which the first and
second optical pickup units are moved. Therefore, 1n the disk
drive according to the present imnvention, the distance over
which the disk-shaped recording medium 1s carried to the
disk rotation drive 1s shorter than that in a conventional disk
drive 1n which a disk-shaped recording medium 1s carried 1n
the longitudinal direction of the base chassis 1n which the
optical pickup unit 1s moved. Therefore, the disk-shaped
recording medium can be loaded and unloaded more rapidly.
Also, because of this reduced distance over which the disk-
shaped recording medium 1s to be carried, the disk carrying
means may be designed more compact.

It1s another object of the present invention to provide a disk
drive having two optical pickup units disposed opposite to
cach other across a spindle motor which will be a source of
vibration, 1n which it 1s possible to effectively suppress the
vibration from the spindle motor, thereby limiting the intlu-
ence of the vibration on the write or read of information
signals to or from a recording medium.

The above object can be attained by providing a disk drive
including according to the present invention:

a base frame;

a base chassis formed generally rectangular and 1nstalled
on the base frame:;

a disk rotation drive including a disk table disposed nearly
at a longitudinal middle of the base chassis to hold a disk-
shaped recording medium and a spindle motor coupled to the
disk table to rotate the latter:;

a first optical pickup mechanism including a first optical
pickup unit disposed at one longitudinal end of the base
chassis to write and/or read information signals to and/or
from a first disk-shaped recording medium set on the disk
table, a pair of first guide shafts extending from near the
longitudinal middle of the base chassis to one end of the latter
to guide the first optical pickup unit 1n moving over the
disk-shaped recording medium between the inner and outer
radn of the latter, and a first pickup moving mechanism that
moves the first optical pickup unit along the pair of first guide
shafts; and

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write and/or read information signals to
and/or from a second disk-shaped recording medium set on
the disk table, a pair of second guide shaits extending from
near the longitudinal middle of the base chassis to the other
end of the latter to guide the second optical pickup unit 1n
moving over the disk-shaped recording medium between the
inner and outer radii of the latter, and a second pickup moving
mechanism that moves the second optical pickup unit along
the pair of second guide shafts,

the base chassis having a pair of first damping members at
cach outer side of the first and second guide shafts which
guide the disk-shaped recording medium in moving between
the inner and outer radii of the latter and also a pair of second
guide shafts at the inner sides of the first and second guide
shaits.

In the above disk drive, when the first and second optical
pickup units are moved to the mner radius of the disk-shaped
recording medium 1n which direction they are nearer to the
spindle motor as a source of vibration, they are enclosed
along with the vibration-source spindle motor with the first
and second damping members, whereby 1t 1s possible to
clfectively prevent the optical pickup units from being intlu-
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enced by the vibration of the spindle motor. Also, when the
first and second optical pickup units are moved to the outer
radius of the disk-shaped recording medium in which direc-
tion they are away from the vibration-source spindle motor,
they are enclosed with three damping members including a
pair of first damping members and at least a second damping
member. Thus, the optical pickup units can be prevented from
being adversely atiected by the vibration of the spindle motor.

These objects and other objects, features and advantages of
the present invention will become more apparent from the
tollowing detailed description of the preferred embodiments
ol the present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of the disk drive according to
the present invention;

FIG. 2 1s a perspective view ol the write/read unat;

FIG. 3 1s a perspective view of the write/read mechanism
included 1n the write/read unat;

FIG. 4 1s an exploded perspective view of the write/read
mechanism;

FIG. 5 1s an exploded perspective view of the first skew
adjustment mechanism;

FIG. 6 1s an exploded perspective view of the second skew
adjustment mechanism;

FI1G. 7 1s aplan view of the write/read mechanism with both
the first and second optical pickup units having been moved to
the inner radius of a disk-shaped recording medium;

FIG. 8 1s aplan view of the write/read mechanism with both
the first and second optical pickup units having been moved to

the outer radius of the disk-shaped recording medium; and
FIG. 9 1s a block diagram of the disk drive.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described 1n detail concern-
ing the embodiments thereof with reference to the accompa-
nying drawings.

The disk drive according to the present invention, generally
indicated with a reference 1, 1s to write and/or read informa-
tion signals to and/or from a plurality of disk-shaped record-
ing media such as a CD, DVD, etc. As shown 1 FIG. 1, 1t
includes a device body 2 having provided therein a write/read
unit 4 that holds any one of a plurality of types of disk-shaped
recording media 3 such as a CD, DVD, etc. rotatably and
writes and/or read content data to and/or from the disk-shaped
recording medium 3, and a hard disk drive 5 that holds an
operating system (OS), browsing software, electronic mail
program, communications protocol, various application pro-
grams, audio data, movie data, etc.

In the disk drive 1, the read-only disk-shaped recording
medium 3 such as a CD, DVD or the like 1s set in the write/
read unit 4, and content data such as recorded game soitware,
application program, video data, audio data, etc. are read
from the disk-shaped recording medium 3 and supplied as
output signals to a momitor device such as a television set.

Also, 1n the disk drive 1, a writable disk-shaped recording
medium 3 such as CD-R, DR-RW, DVD-R, DVD-RAM,

DVD+RW, DVD-RW or the like 1s set 1n the write/read unit 4,
and content data such as an application program, video data,
audio data, etc. stored 1n a memory such as the hard disk drive
5 are written to the disk-shaped recording medium 3 set 1n the
write/read unit 4. The content data can thus be stored 1n the

disk-shaped recording medium 3.
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Also, the disk drive 1 includes two optical pickup mecha-
nisms as will be described later. The first one of the optical
pickup mechanisms 1s used to only read a first disk-shaped
recording medium 3a having various content data recorded
therein 1n a first format, and the second optical pickup mecha-
nism 1s used to read a second disk-shaped recording medium
36 having various content data recorded therein 1n a second
format and write various content data in the second format to
the second disk-shaped recording medium 3.

In the disk drive 1, the write/read unit 4 1s disposed at the
front side 2a of the device body 2, and the hard disk drive 5,
power unit (not shown), etc. are disposed at the rear side 2a.
Atthe front side 2q of the device body 2, there 1s formed a disk
slot 7 through which the disk-shaped recording medium 3 to
be loaded into the write/read unit 4 1s mserted and ejected.
The disk-shaped recording medium 3 mserted from the disk
slot 7 1s carried by a carrying mechanism (not shown) to the
rear side 26 of the device body 2, and loaded into the write/
read unit 4. After completion of write or read of content data
to or from the disk-shaped recording medium 3, the latter 1s
carried by the carrying mechanism to the front side 2a of the
device body 2 and ¢jected through the disk slot 7.

Note that the carrying mechanism to carry the disk-shaped
recording medium 3 1nto or out of the device body 2 through
the disk slot 7 1s provided near the disk slot 7 and 1t includes
a pair of conveying rollers extending toward the surface of the
disk-shaped recording medium 3 or toward both sides of the
disk-shaped recording medium 3, a supporting member
extending from the front side 2a of the device body 2 to the
rear side 25 to support the disk-shaped recording medium 3 at
the outermost-peripheral top and bottom or edge and guide
the disk-shaped recording medium 3 in moving inside the
device body 2, and a push-out member to push out the disk-
shaped recording medium 3 to the disk slot 7 at the time of
ejection. When the disk-shaped recording medium 3 inserted
in the disk slot 7 1s detected, the conveying rollers are rotated
while holding the disk-shaped recording medium 3 between
them at the top and bottom sides or side edge to carry the
disk-shaped recording medium 3 to the rear side 25 of the
device body 2. Also, for ejection of the disk-shaped recording
medium 3, the push-out member pushes out the disk-shaped
recording medium 3 to the front side 2a and are rotated while
holding the disk-shaped recording medium 3 between them,
thereby ejecting the disk-shaped recording medium 3 to out-
side the disk slot 7.

Next, the write/read unit 4 to write and/or read content data
to and/or from the disk-shaped recording medium 3 will be
explained with reference to FIGS. 2 and 3. FIGS. 2 and 3 are
perspective views, respectively, from the rear side 26 of the
device body 2, of the write/read unit 4.

As shown 1n FIG. 2, the write/read unit 4 includes a base
frame 10, as a unit housing, composed of a pair of upper and
lower frames, and a write/read mechanism 11 housed 1n the
base frame 10. As shown 1n FIG. 3, the write/read mechanism
11 includes a base chassis 12 on which various components
are provided, a disk rotation drive 13 provided on the base
chassis 12 to rotate the disk-shaped recording medium 3, a
first optical pickup mechanism 14 provided on the base chas-
s1s 11 to read content data from the disk-shaped recording
medium 3, a sub chassis 15 provided on the base chassis 12,
and a second optical pickup mechanism 16 provided on the
sub chassis 15 to write and/or read content data to and/or from
the disk-shaped recording medium 3.

The base frame 10 1s formed from the upper and lower
frames 18 and 19 to provide a housing for the write/read unit
4 and house the write/read mechanism 11 1n it. The upper
frame 18 of the base frame 10 has formed therein an opening
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through which a disk table of the disk rotation drive 13, which
will be described 1n detail later, 1s projected from an upper
side 18a of the upper frame 18. In the base frame 10, the
disk-shaped recording medium 3 loaded on the disk table
projected out from the upper side 18a of the upper frame 18 1s
held rotatably on the upper side 18a of the upper frame 18.
Also, the lower frame 19 of the base frame 10 has disposed
thereon the base chassis 12 of the write/read mechanism 11
and a circuit board 17 on which a drive circuit of the write/
read mechanism 11 and the like are formed.

As shown 1n FIGS. 3 and 4, the base chassis 12 of the
write/read mechanism 11, housed 1n the base frame 10, 1s
formed generally rectangular, and includes a mount surface
20 on which the first optical pickup mechanism 14, sub chas-
s1s 15 and second optical pickup mechanism 16 are mounted,
and an upright peripheral wall 21 along the periphery of the
base chassis 12, not including some portions near the corner
ol the mount surface 20. The mount surface 20 has formed
therein first and second openings 22 and 23 in which the
pickup bases of the first and second optical pickup mecha-
nisms 14 and 16 are moved. These openings 22 and 23 are
tformed longitudinally of the mount surface 20, and there 1s
tormed nearly at the longitudinal middle of the mount surface
20 a mount 24 on which the spindle motor of the disk rotation
drive 13 1s disposed.

Note that in the following description, the long-side direc-
tion of the base chassis 12 will be referred to as “right-left
direction” and the short-side direction of the base chassis 12,
perpendicular to the long-side direction be referred to as
“front-rear direction”. As shown in FIGS. 3 and 4, the first
optical pickup mechanism 14 1s disposed 1n the first opening
22 formed 1n the base chassis 12 at the right side of the latter,
and the sub chassis 15 and second optical pickup mechanism
16 are disposed in the second opening 23 formed in the base
chassis 12 at the left side of the latter. FIGS. 3 and 4 are
perspective views, respectively, from the rear side 125, of the
base chassis 12. As shown 1n FIG. 1, the base chassis 12 1s
disposed to have the front side 12a thereot directed toward the
front side 2a of the device body 2.

At the right side 12¢ of the base chassis 12, there 1s formed
a pair of first mounts 29 on which there 1s installed a first skew
adjusting mechanism 80 to make a skew adjustment of the
first optical pickup mechanism 14. The first mounts 29 are
provided separately from each other in the front-rear direc-
tion. Also, the base chassis 12 has damper openings 31 and 32
formed near both corners of the right side 12¢ of the mount
surface 20. In these opemings 31 and 32, there are installed
damping members which will be described 1n detail later. The
damper openings 31 and 32 are located in a position corre-
sponding to the outer radius of the disk-shaped recording
medium 3 mounted on the disk rotation drive 13, and there are
installed in the damper openings 31 and 32 outer dampers 141
and 142 which prevent the first optical pickup unit 50 moved
to the outer radius of the disk-shaped recording medium 3
from being vibrated.

At the left side 124 of the base chassis 12, there 1s formed
a second mount 30 to which there 1s 1nstalled a second skew
adjusting mechanism 130 to make a skew adjustment of the
second optical pickup mechanism 16 by adjusting the angle at
which the sub chassis 15 as will be described 1n detail later.
The second mount 30 1s formed 1n a position nearer to the rear
side 125 of the base chassis 12. Near the second mount 30,
there 1s formed an engagement hole 38 1n which a forcing
member such as a helical torsion spring, engaged at one end
thereol on the sub chassis 15, 1s engaged at the other end. The
sub chassis 15 1s always forced toward the base chassis 12
under the action of the forcing member. Also, the base chassis
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12 has damper openings 33 and 34 formed therein near both
the corners at the left side 124 of the mount surface 20. In
these damper openings 33 and 34, there are installed damping
members which will be described 1n detail later. The damper
openings 33 and 34 are also located 1n positions correspond-
ing to the outer radius of the disk-shaped recording medium 3
placed on the disk rotation drive 13, and have 1nstalled thereto
outer dampers 143 and 144 which prevent vibration of a
second optical pickup unit 100 having been moved to the
outer radius of the disk-shaped recording medium 3.

The mount 24 formed nearly at the longitudinal middle of
the base chassis 12 extends between the first and second
openings irom the front side 12a to rear side 126 1n the
front-rear direction of the base chassis 12. The mount 24 has
damper openings 35 and 36 formed 1n the end portions thereof
at the front side 12a and rear side 125 of the base chassis 12.
In these damper openings 35 and 36, there are installed damp-
ing members which will be described 1n detail later. The
damper openings 35 and 36 are located at the inner radius of
the disk-shaped recording medium 3 placed on the disk rota-
tion drive 13, and have 1nstalled therein inner dampers 143
and 146 to prevent vibration of the first and second optical
pickup umts 50 and 100 having been moved to the inner
radius. Also, the mount 24 has formed nearly at the middle
thereof a circular mounting opening 37 through which there 1s
to be mounted a spindle motor 42 which will be described 1n
detail later.

Next, there will be explained the disk rotation drive 13
installed on the mount 24 of the base chassis 12. The disk
rotation drive 13 holds and rotates a disk-shaped recording
medium 3 inserted 1nto the disk drive 1.

The disk rotation drive 13 includes a disk table 41 on which
a disk-shaped recording medium 3 1s to be mounted, a spindle
motor 42 to spin the disk table 41, and a mount base plate 43
having the spindle motor 42 mounted thereon and which 1s
installed to the mount 24. The disk table 41 has formed
thereon a disk-shaped disk mount 414 and a centering portion
41b which enters the central hole of the disk-shaped record-
ing medium 3 to center the latter. The spindle motor 42 to spin
the disk table 41 1s connected at a spindle shait end (not
shown) thereot to the centering portion 415 of the disk table
41. Thus, 1t 1s rotatably coupled to the disk table 41. The
mount base plate 43 on which the spindle motor 42 1s
mounted 1s formed from a rigid plate, and has formed thereon
a wiring pattern which transmits control signals for control-
ling the operation of the spindle motor 41. The mount base
plate 43 1s disposed nearly at the right-left (longitudinal)
middle of the base chassis 12 and screwed to the mount 24. It
should be noted that the spindle motor 42 has the lower end
thereol inserted in the mounting opening 37 formed 1n the
mount 24.

When the disk-shaped recording medium 3 1s chucked to
the disk table 41, the disk rotation drive 13 will put the spindle
motor 42 into revolution and rotate the disk table 41 and
disk-shaped recording medium 3 on the latter as the spindle
motor 42 spins.

Next, the first optical pickup mechanism 14 provided at the
right side 12¢ of the base chassis 12 will be explained. The
first optical pickup mechanism 14 1s used to only read a first
disk-shaped recording medium 3a having various content
data recorded therein 1n a first format.

The first optical pickup mechanism 14 includes the first
optical pickup umt 50 to read content data from the first
disk-shaped recording medium 3a, a pair of guide shatts 60
and 61 to guide the first optical pickup umt 50 in moving, and
a pickup moving mechanism 70 that moves the first optical
pickup unit 50 along the guide shafts 60 and 61.
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The first optical pickup unit 50 includes a rectangular
pickup base 51 forming a pickup proper. On the pickup base
51, there are 1nstalled at least a light source (not shown) such
as a sesmiconductor laser, an objective lens 52 to focus a light
beam emitted from the light source onto the signal recording
layer of the disk-shaped recording medium 3, a photodetector
(not shown) to detect a return light from the signal recording
surface of the disk-shaped recording medium 3, and a drive
system to move the objective lens 52 over the disk-shaped
recording medium 3 1n the focusing and tracking directions.
Also, to the pickup base 51 fixed 1s a cover member 33 having,
formed therein an openming through which the objective lens
52 1s exposed to outside. Also, the first optical pickup mecha-
nism 14 has formed at one longitudinal end 51a of the pickup
base 51 an engagement piece 34 which 1s engaged on the
guide shait 60 as will be described 1n detail later, and has
formed at the other longitudinal end 515 thereof an 1nsertion
hole 55 1n which the guide shaft 61 1s mnserted as will be
described 1n detail later. It should be noted that the pickup
base 51 has a flexible wiring board on which there are formed
a drive circuit to control the drive system for the objective lens

52 and the like.

Also, at the other end 515 of the pickup base 51, there 1s
formed an engagement member 56 which 1s engaged on alead
screw 71 of the pickup moving mechanism 70, by which the
pickup base 51 1s moved radially of the disk-shaped recording,
medium 3. The engagement member 36 has formed thereon
an engagement projection 57 which 1s engaged in threads
formed on the lead screw 71. As the lead screw 71 1s rotated,
the engagement projection 57 1s moved 1n the direction in
which the threads are formed, whereby the pickup base 51 1s
moved along the guide shafts 60 and 61.

The guide shaits 60 and 61 to guide the pickup base 51 in
moving are disposed in parallel to each other along the length
of the base chassis 12 and over the first opening 22. The guide
shafts 60 and 61 are supported at one ends 60a and 61a
thereotf on bearing members 62 and 63, respectively, provided
in the front-rear direction on the mount 24 formed nearly at
the longitudinal middle of the base chassis 12, and at the other
ends 605 and 615 1n bearing recesses 63a and 635H, respec-
tively, 1n a bearing wall 63 formed on the mount surface 20 at
the right side 12¢ of the base chassis 12. Also, the guide shaifts
60 and 61 are engaged at the other ends 605 and 615, respec-
tively, on a first skew adjusting mechanism 80 which will be
described 1n detail later.

The above guide shait 60 1s engaged on the engagement
piece 54 provided at the one end 51a of the pickup base 51,
and the guide shatt 61 1s 1nserted into the msertion hole 535
formed 1n the other end 515 of the pickup base 51, to thereby
guide the pickup base 51 in moving radially of the disk-
shaped recording medium 3.

The pickup moving mechamism 70 that moves the pickup
base 51 along the guide shafts 60 and 61 on which the engage-
ment member 56 of the pickup base 51 15 engaged includes
the lead screw 71 engaged on the engagement member 56 of
the pickup base 51, and a screw motor 72 to rotate the lead
screw 71. The lead screw 71 1s supported at both free and base
ends thereof on a bearing plate 73. Also, the lead screw 71 and
screw motor 72 are mtroduced into the first opening 22 and
fixed at the rear side 126 of the base chassis 12 with the
bearing plate 73 being screwed to the base chassis 12.

The engagement projection 57 formed on the engagement
member 56 of the pickup base 51 1s engaged 1n the threads
formed on the body of the lead screw 71. The pickup moving
mechanism 70 feeds the engagement member 356 1n the direc-
tion 1n which the threads are formed by appropriately rotating,
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the lead screw 71 1n forward or reverse, to thereby move the
pickup base 51 to the inner or outer radius of the disk-shaped

recording medium 3.

Next, the first skew adjusting mechamism 80 to make a
skew adjustment of the first optical pickup unit 50 will be
explained. The first skew adjusting mechanism 80 1s installed
to the first mounts 29 formed separately from each other in the
front-rear direction at the right side 12¢ of the mount surface
20 and correspondingly to the pair of guide shaits 60 and 61.
As shown 1n FIG. 5, the first skew adjusting mechanism 80
includes lifting cams 81 having other ends 605 and 615 of the
guide shafts 60 and 61 mounted on a slope thereof. As the
lifting cams 81 are rotated, the other ends 605 and 615 are shid
up or down on the slope. The first skew adjusting mechanism
80 includes also a control plate 82 to press the other ends 605
and 615 to the slope and control the rotation of the lifting
cams 81.

As shown in FIG. §, the lifting cams 81 has formed thereon
a generally disk-shaped rotating portion 83, an upright shaft
portion 84 provided at the center of the rotating portion 83,
and a slope portion 85 formed to enclose the base end of the
shaft portion 84. The disk-like rotating portion 83 has formed
along the perimeter thereof engagement grooves 86 1n which
a detent projection 87 of the control plate 82 1s engaged. It

should be noted that FIG. 5 shows the lifting cams 81 and

control plate 82, provided to move up or down the guide shatt
61 provided at the rear side 125 of the base chassis 12.

With the detent projections 87 of the control plate 82 being,
engaged in the engagement grooves 86, the lifting cams 81 are
restricted from being rotated. The upright shaft 84 provided at
the center of the rotating portion 83 1s a hollow cylinder in
which the first mount 29 formed at the right side 12¢ of the
base chassis 12 1s rotatably 1nserted from below. Therefore,
the lifting cams 81 are rotated about the first mount 29 1n the
direction of arrow U or 1n a direction opposite to the arrow-U
direction as in FIG. 5. Also, the shait 84 1s open at the top
thereol in the form of a polygon, and rotated with a skew
adjusting 112 (not shown) being engaged 1n the polygonal
opening. The slope portion 85 formed to enclose the base end
of the upright shait 84 rises from a portion of the rotary
portion 83 and gradually descends along the perimeter of the
upright shaft 84. It is rotated along with the rotating portion
83. Also, the control plate 82 presses the other ends 605 and
615 of the guide shafts 60 and 61 to the corresponding slope
portions 85 as will be described 1n detail later. Therefore,
when the rotating portion 83 of each lifting cams 81 1s rotated
as the shait 84 1s turned with the skew adjusting jig, each of
the other ends 605 and 615 of the guide shaits 60 and 61 and
the corresponding slope portion 85 will relatively slide on
cach other, and thus the inclination of each of the guide shaftts
60 and 61 will be adjusted. More specifically, when the rotat-
ing portion 83 of the lifting cam 81 1s rotated 1n the direction
of arrow U 1n FIG. 5, the other end 6156 of the guide shaift 61
1s elevated. When the rotating portion 83 1s rotated 1n the
direction opposite to the U-arrow direction in FIG. 5, the
other end 615 of the guide shait 61 1s lowered. Thus, the
inclination of the guide shatt 61 1s adjusted. The guide shaft
60 15 also elevated and lowered similarly to that of the guide
shaft 61.

The control plate 82 1s formed generally rectangular to
press the other ends 605 and 6156 of the guide shaits 60 and 61
to the slope portions of the lifting cams 81. It includes the
detent projections 87 provided at the opposite longitudinal
ends thereot to restrict the lifting cams 81 from being rotated,
openings 88 through which the shatt 84 1s exposed at the top
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thereot to outside, and pressing pieces 89 to press the guide
shafts 60 and 61 to the corresponding slope portions 85 of the
lifting cams 81, respectively.

The detent projection 87 1s forced 1n the direction of arrow
S as 1n FIG. 5 and engaged 1n the engagement groove 86
formed 1n the rotating portion 83 of the lifting cam 81 to
restrict the lifting cam from being rotated. When the lifting
cam 81 1s rotated by the skew adjusting j1g, the detent pro-
jection 87 will sequentially be engaged in the engagement
grooves 86 while being elastically displaced 1n the direction
opposite to the direction of arrow S 1n FIG. 5.

The top of the shaft 84 of the lifting cam 81 1s exposed to
outside through the opening 88 and thus the skew adjusting
11g 1s engaged on the shaft 84 through the opening 88,
whereby the lifting cam 81 1s rotated.

The pressing pieces 89 are forced 1n the direction of arrow
P 1 FIG. 5 to press the other ends 605 and 615 of the guide
shafts 60 and 61 to the slope portion 85 of the lifting cam 81.
Thus the pressing pieces 89 have the guide shafts 60 and 61
and the slope portion 83 slide relatively on each other as the
lifting cam 81 1s rotated. Thus, the guide shafts 60 and 61 will
have the other ends 605 and 615 thereof elevated correspond-
ingly to the rotation of the lifting cam 81.

The aforementioned first skew adjusting mechanism 80
makes a skew adjustment of the first optical pickup unit 50
during production, or at shipment, of the disk drive 1. More
specifically, when the disk table 41 having mounted thereon
the first disk-shaped recording medium 34 having data as a
sample recorded 1n the first format 1s put into rotation, a laser
beam emitted from a light emitting element installed on the
first optical pickup unit 50 1s reflected at the signal recording
surface of the first disk-shaped recording medium 3a and
detected by a photodetector provided to detect a return light
from the disk-shaped recording medium. The laser beam
detected by the photodetector 1s supplied to a differential
amplifier in which 1t will undergo differential amplification to
provide a skew error signal whose level will vary correspond-
ingly to an inclination of the optical axis of the laser beam.
Then, 1n the first skew adjusting mechanism 80, the skew
adjusting j1g 1s engaged on the shait 84 of the lifting cam 81
to rotate the rotating portion 83 of the lifting cam 81 1n the
direction of arrow U or 1n the direction opposite to the U-ar-
row direction in FIG. 5 for the skew error signal to have a
mimmum value.

As the lifting cam 81 1s rotated, any or both of the guide
shafts 60 and 61 slides on the slope portion 85 of the lifting
cam 81 to have the other ends 606 and 615 thereot elevated or
lowered, whereby the inclination of the guide shafts 60 and 61
will be adjusted. Thus, the first optical pickup unit 50 sup-
ported on the guide shaits 60 and 61 will have a skew
adjusted.

Note here that the first optical pickup unit 50 1s provided to
only read the first disk-shaped recording medium 3a having
various content data recorded therein in the first format and
not to write or read any data to or from the second disk-shaped
recording medium 35 having data recorded therein in the
second format as will be described 1n detail later. Therefore,
the first optical pickup unit 50 1s not required for any high-
accuracy skew adjustment which 1s to be done for writing data
to the disk-shaped recording medium 3. Namely, 1t will not
undergo any skew adjustment after a coarse skew adjustment
1s done by the first skew adjusting mechanism 80 during
production, or at shipment, of the disk drive 1.

Next, there will be explained the sub chassis 15 disposed
over the second opening 23 formed at the left side of the base
chassis 12 and having the second optical pickup mechanism
16 provided thereon. The sub chassis 15 supports the second
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optical pickup mechanism 16 and has the inclination thereof
adjusted by the second skew adjusting mechanism 130 pro-
vided on the base chassis 12 to make a high-accuracy skew
adjustment of the second optical pickup mechanism 16.

As shown 1n FI1G. 4, the sub chassis 15 1s formed generally
rectangular. It includes a main surface 90 and a pickup open-
ing 91 formed 1n the main surface 90 correspondingly to the
moving range of the second optical pickup unit 16.

The main surface 90 has a damper opening 92 formed
therein correspondingly to the damper opening 36 formed in
the peripheral corner portion at the rear side 125. The damper
member 15 exposed upward through the damper opening 92.
Also, the sub chassis 15 has a peripheral wall 93 formed along
the periphery thereol except for the front-rear-directional
nearly middle portions of the main surface 90. At the front and
rear sides 93a and 935 of the peripheral wall 93, there are
formed rotation supports 94 as the center ol rotation of the sub
chassis 15 whose inclination 1s adjusted by the second skew
adjusting mechanism 130 as will be described 1n detail later.
Each of the rotation supports 94 has an insertion hole 94a
formed therein. The rotation supports 94 are rotatably
coupled to the peripheral walls 21, respectively, of the base
chassis 12 with the insertion holes 94a being aligned with
coupling holes 235 formed in the peripheral wall 21 at the front
and rear sides 12aq and 125 of the base chassis 12 and with a
screw or the like being inserted 1n each pair of the insertion
holes 94a and coupling holes 25.

The above pickup opening 91 1s an area 1n which the second
optical pickup mechanism 16 1s moved radially of the disk-
shaped recording medium 3 as will be described 1n detail
later. It 1s open (as indicated with a reference 97) at the right
edge 91a thereol. When the sub chassis 15 1s placed on the
base chassis 12, the disk table 41 and spindle motor 42 of the
disk rotation drive 13 will be positioned 1n the open end 97.
Also, a coupling member 95 1s provided over the pickup
opening 91 in a position near the right edge 91a of the latter to
extend 1n the front-rear direction. Further, the pickup opening
91 has formed near the left edge 91¢ thereotf a motor opening
9156 1n which there 1s disposed a spindle motor 122 of a second
pickup moving mechanism 120 that moves the second optical
pickup mechanism 16. The coupling member 95 extends over
the open end 97 of the pickup opening 91 to assure an
increased rigidity of the sub chassis 15 and a sufficient rigid-
ity of the whole base chassis 12. The coupling member 95 has
base ends 95a and a main portion 9556 extending in the front-
rear direction between the base ends 95a. Since the base ends
O05a are inclined toward the base chassis 12, so the main
portion 9556 extends below the second opening 23 1n the base
chassis 12, that 1s, 1t extends not on the moving orbit of the
second optical pickup mechanism 16.

Also, the sub chassis 15 has provided thereon near the left
edge 91c¢ of the pickup opening 91a skew adjusting shait 96
projecting from the base chassis 12 downward and whose
inclination 1s to be adjusted by the second skew adjusting
mechanism 130. The skew adjusting shait 96 slides at the
lower end thereot on a skew adjusting cam 131 of the second
skew adjusting mechanism 130 so as to be elevated or low-
ered, thereby adjusting the inclination of the sub chassis 15.
Also, near the skew adjusting shaft 96, there 1s formed an
engagement hole 99 in which there 1s hooked one end of a
forcing member 98 such as a helical torsion spring hooked at
the other end thereof 1n the engagement hole 38 1n the base
chassis 12. Thus, the sub chassis 15 1s always forced by the
forcing member 98 toward the base chassis 12.

Next, the second optical pickup mechanism 16 disposed on
the sub chassis 15 will be explained. The second optical
pickup mechanism 16 1s used to write or read content data to
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or from the second disk-shaped recording medium 35 having
various content data recorded therein in the second format.

The second optical pickup mechamism 16 includes the
second optical pickup unit 100 to write or read content data to
or from the second disk-shaped recording medium 35, a pair
of guide shaits 110 and 111 to guide the second optical pickup
unit 100 1n moving, and a pickup moving mechanism 120 that
moves the second optical pickup unit 100 along the guide
shafts 110 and 111.

The second optical pickup unit 100 includes a generally
rectangular pickup base 101 as a pickup proper. On the pickup
base 101, there are disposed at least a light source (not shown)
such as a semiconductor laser, an objective lens 102 to con-
verge and focus a light beam emitted from the light source
onto the signal recording surtace of the disk-shaped recording
medium 3, a photodetector (not shown) to detect a return light
from the signal recording surface of the disk-shaped record-
ing medium 3, a drive system to move the objective lens 102
in the focusing and tracking directions over the disk-shaped
recording medium 3, and a skew sensor 108 to detect a skew
of the second optical pickup unmit 100. Also, the second optical
pickup mechanism 16 has formed at one longitudinal end
101a of the pickup base 101 an engagement piece 104 which
1s engaged on the guide shaft 110 as will be described 1n detail
later, and has also formed at the other longitudinal end 10156
an 1nsertion hole 105 1n which the guide shaft 111 1s inserted
as will be described 1n detail later. It should be noted that the
pickup base 101 has mounted thereon a flexible wiring board
on which a drive circuit to control the drive system for the
objective lens 102, and the like.

Also, the pickup base 101 has provided at the other end
1015 thereotf a rack member 106 which 1s in mesh with a gear
mechanism 121 of the pickup moving mechanism 120 that
moves the pickup base 101 radially of the disk-shaped record-
ing medium 3. When the gear mechanism 121 1s rotated, the
pickup base 101 1s moved along with the rack member 106
along the guide shaits 110 and 111.

The guide shatts 110 and 111 to guide the pickup base 101
in moving are disposed in parallel to each other longitudinally
ol the base chassis 12 to extend over the second opening 23 1n
the base chassis 12 and pickup opening 91 1n the sub chassis
15. Also, the guide shafts 110 and 111 are supported at the one
ends 110q and 1114 thereot on bearing members 112 and 113
provided separately from each other in the front-rear direc-
tion on the main surface 90 1n positions near the open end 97
of the pickup opening 91 and at the other ends 1106 and 1115
thereol on bearing members 114 and 115 formed on the main
surface 90 at the left edge 91¢ of the pickup opening 91.

The above guide shait 110 1s engaged on the engagement
piece 104 provided at the one end 101a of the pickup base
101, and the guide shaft 111 is 1nserted in the msertion hole
105 formed 1n the other end 1015 of the pickup base 101, to
thereby guide the pickup base 101 1n moving radially of the
disk-shaped recording medium 3.

The pickup moving mechamism 120 includes the gear
mechanism 121 which 1s to be 1n mesh with the rack member
106 of the pickup base 101, and a feed motor 122 that rotates
the gear mechanism 121. With the rack member 106 being in
mesh with the gear mechanism 121, the pickup moving
mechanism 120 moves the pickup base 101 along the guide
shafts 110 and 111. The gear mechanism 121 and feed motor
122 are screwed to the mount surface 20 of the base chassis 12
or main surface 90 of the sub chassis 15, and thus fixed to the
front side 12a of the second opening 23 in the base chassis 12.

As mentioned above, the rack member 106 formed inte-
grally on the pickup base 101 1s 1n mesh with the gear mecha-
nism 121. With the gear mechanism 121 being appropriately
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rotated by the feed motor 122 1n forward or reverse to move
the rack member 106 1n the right-left direction, the pickup
moving mechanism 120 moves the pickup base 101 to the
inner or outer radius of the disk-shaped recording medium 3.

Next, there will be explained the second skew adjusting
mechanism 130 that makes a skew adjustment of the second
optical pickup unit 100. The second skew adjusting mecha-
nism 130 1s fixed to the second mount 30 provided at the left
side 124 of the base chassis 12 1n a position nearer to the rear
side 125. As shown 1n FIG. 6, the second skew adjusting
mechanism 130 includes the skew adjusting cam 131 that
adjusts an inclination of the sub chassis 15 by sliding the free
end of the skew adjusting shaft 96 of the sub chassis 15
relatively on a slope portion of the skew adjusting cam 131, a
skew adjusting motor 132 to rotate the skew adjusting cam
131, and a gear mechanism 133 to convey the rotation of the
skew adjusting motor 132 to the skew adjusting cam 131.

As shown 1n FIG. 6, the skew adjusting cam 131 includes a
generally disk-shaped rotating portion 134, and an obliquely-
truncated comnical portion 135 formed upright along the
periphery the rotating portion 134. The generally disk-shaped
rotating portion 134 has formed on the periphery thereof an
engagement portion 136 on which the gear mechanism 133 1s
engaged. Therefore, a rotation of the skew adjusting motor
132 i1s conveyed to the rotating portion 134 via the gear
mechanism 133 engaged on the engagement portion 136 to
rotate the rotating portion 134. Also, the rotating portion 134
has formed at the center thereof an insertion hole (not shown)
in which the second mount 30 of the base chassis 12 1is
inserted, and thus 1t 1s supported rotatably on the base chassis
12.

Also, the obliquely-truncated conical portion 135 1is
formed along the periphery of the rotating portion 134 as
above, and has an 1nclined surface 13354 formed on the top
thereof. The skew adjusting shaft 96 provided on the bottom
of the sub chassis 15 to project downward toward the base
chassis 12 will abut the inclined surface 135a. This inclined
surface 135a gradually descends toward the periphery of the
rotating portion 134. As the rotating portion 134 1s rotated, the
obliquely-truncated conical portion 135 1s rotated along with
the rotating portion 134. Also, as the sub chassis 135 1s forced
by the forcing member 98 toward the base chassis 12, the
skew adjusting shatt 96 1s pressed at the free end thereot to the
inclined surface 1354 of the obliquely-truncated conical por-
tion 135. Therelore, as the rotating portion 134 of the skew
adjusting cam 131 1s rotated by the skew adjusting motor 132
via the gear mechanism 133, the skew adjusting shait 96
slides relatively on the inclined surface 133a to elevate or
lower the sub chassis 15. More specifically, the rotating por-
tion 134 of the skew adjusting cam 131 is rotated in the
direction of arrow R 1n FIG. 6, the skew adjusting shaft 96
slides up on the inclined surface 1354 to tilt the sub chassis 15
in the direction of arrow T 1 FIG. 6. When the rotating
portion 134 1s rotated 1n a direction opposite to the direction
of arrow R 1n FIG. 6, the skew adjusting shaft 96 slides down
on the inclined surface 1334 to tilt the sub chassis 15 1n a
direction opposite to the direction of arrow T 1n FIG. 6.

The aforementioned second skew adjusting mechanism
130 makes a skew adjustment of the second optical pickup
unmt 100 which 1s writing or reading content data to or from
the disk-shaped recording medium 34 inserted in the disk
drive 1. More particularly, infrared light emitted from the
skew sensor 108 installed in the second optical pickup unit
100 1s reflected at the signal reflecting surface of the second
disk-shaped recording medium 356 and the retlected light 1s
detected by the skew sensor 108. The skew sensor 108 sup-
plies the differential amplifier with an output corresponding,
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to an inclination of the signal recording surface of the second
disk-shaped recording medium 35. The output from the skew
sensor 108 undergoes differential amplification in the differ-
ential amplifier to provide a skew error signal whose level
varies depending upon the inclination of the laser beam. The
skew adjusting motor 132 1s driven by a servo circuit 163 for
the skew error signal to have a minimum value, and the skew
adjusting cam 131 1s rotated by means of the gear mechanism
133 1n the direction of arrow R or 1n a direction opposite to the
direction of arrow R as in FIG. 6.

As the skew adjusting cam 131 is rotated, the skew adjust-
ing shait 96 1s sled up or down on the inclined surface 1354 of
the obliquely-truncated conical portion 135. Thus, an incli-
nation, in relation to the base chassis 12, of the sub chassis 15
having the skew adjusting shait 96 projecting downward 1s
adjusted, and thus a skew of the second optical pickup unit
100 of the second optical pickup mechanism 16 disposed on
the sub chassis 15 1s adjusted.

Note here that the second optical pickup unit 100 1s
intended to write or read content data to or from the second
disk-shaped recording medium 35 having various content
data recorded therein i1n the second format as mentioned
above. Also, the physical format including the track pitch, pit
s1ze, etc. on the signal recording surface of a DVD included 1n
the second disk-shaped recording media 35 1s smaller than
that 1n a CD, whereby the allowance for the optical-axis
inclination of the laser beam projected onto the signal record-
ing surface 1s strictly limited. Further, 1f the optical axis of a
light beam emitted from the second optical pickup unit 100 1s
not perpendicular but oblique to the signal recording surface
of the second disk-shaped recording medium 36 to which
content data 1s going to be written, an aberration will take
place so that the light means will form a spot, not circular but
clliptic, on the signal recording surface. In this case, no cor-
rect data recording 1s possible. On this account, the second
optical pickup unit 100 1s designed so that an inclination of
the optical axis of a laser beam can be real-time detected with
a high accuracy during write to or read from the second
disk-shaped recording medium 35, and any skew of the sec-
ond optical pickup unit 100 can be adjusted by the skew
adjusting mechanism 130 with a higher accuracy.

Also, the second skew adjusting mechanism 130 makes a
skew adjustment of the second optical pickup umit 100
mounted on the sub chassis 15 by adjusting an inclination of
the sub chassis 15. As mentioned above, the second optical
pickup unit 100 will have a skew thereof real-time adjusted
while writing to or reading from the second disk-shaped
recording medium 35b. If the guide shaits 110 and 111 are
directly driven as 1n the first optical pickup unit 50, the bear-
ing members 112 to 115 will be so abraded due to frequent
sliding contact with the guide shafts 110 and 111 that 1t wall
possibly be difficult to assure any stable skew adjustment.
Also, 1f a mechanically strong material 1s used to form the
guide shafts 110 and 111 and bearing members 112 to 115 1n
order to prevent them from being damaged, 1t will lead to a
larger size and weight of the optical pickup mechanism. Fur-
ther, 1f the skew adjusting means 1s assembled to the pickup
base 101 of the second optical pickup umt 100 1n order to
make a skew adjustment, the second optical pickup unit 100
will be heavier and hence cannot have the skew thereof
adjusted stably.

On the other hand, in the disk drive 1 according to the
present 1nvention, the sub chassis 15 1s supported on the
upright peripheral wall 21 to be rotatable about the rotation
support 94 and the inclination of the sub chassis 15 1s adjusted
with the rotation support 94 being taken as a fulcrum. There-
fore, also 1n case a real-time skew adjustment 1s done by the
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second skew adjusting mechanism 130, the sub chassis 15,
guide shaits 110 and 111 and bearing members 112 to 115
will notbe damaged due to any frequent adjustment of the sub
chassis inclination and a stable skew adjustment can be done
without any increased load to the second optical pickup unit

100.

As shown 1n FIG. 7, the write/read mechanism 11 of the
disk drive 1 constructed as above has installed on the base
chassis 12 the disk rotation drive 13, first optical pickup
mechamism 14 and the sub chassis 15 on which the second
optical pickup mechanism 16 1s installed. Thus, the first opti-
cal pickup unit 50 disposed at the right side of the base chassis
12, and second optical pickup unit 100 disposed on the sub
chassis 15 provided at the left side of the base chassis 12, are
supported on the pair of guide shafts 60 and 61 and pair of
guide shaits 110 and 111, respectively, to be symmetrical 1n
the nght-left direction.

Namely, the engagement piece 54 at the one end S1a of the
pickup base 51 1s engaged on the guide shaft 60, and the guide
shaft 61 1s inserted 1n the msertion hole 35 at the other end
51b. Thus, the first optical pickup unit 50 1s supported on the
guide shafts 60 and 61 at three points thereof including the
engagement piece 54 and opposite ends of the insertion hole
55. On the other hand, the engagement piece 104 formed at
the one end 101a of the pickup base 101 1s engaged on the
guide shait 110, and the guide shafts 111 1s inserted in the
insertion hole 105 formed in the other end 1015, for the
second optical pickup unit 100 to be symmetrical with the first
optical pickup unit 50. Thus, the second optical pickup unit
100 1s supported on the guide shaits 110 and 111 at three
points thereol including the engagement piece 104 and oppo-
site ends of the insertion hole 105.

Thus, the write/read mechamism 11 including the first and
second optical pickup units 50 and 100 has the weight thereof
balanced taking, as the center of balancing, the disk rotation
drive 13 disposed nearly at the center of the base chassis 12.
Theretfore, since the weight of the write/read unit 4 1s thus
balanced, the disk drive 1 can stably write or read content data
to or from the disk-shaped recording medium 3.

Also, the base chassis 12 of the write/read mechanism 11
has the damper openings 31 to 36 formed near both corners of
the right and left sides 12¢ and 124 at the front-rear-direc-
tional ends of the mount 24, and the outer dampers 141 to 144
and 1ner dampers 1435 and 146, such as rubber bushes or the
like, 1installed 1n the respective damper openings 31 to 36, as

shown 1n FIG. 7.

Of the above dampers, the outer ones 141 and 142 and inner
ones 145 and 146 are disposed to surround the moving range
of the first optical pickup unit 50. More particularly, the first
optical pickup unit 50 1s moved between the inner and outer
radn1 of the disk-shaped recording medium 3 placed on the
disk rotation drive 13 and 1t will be surrounded by the outer
dampers 141 and 142 and inner dampers 145 and 146 1n any
place within the above moving range, as shown 1n FIGS. 7 and
8. When the first optical pickup unit 50 1s moved to the inner
radius toward the spindle motor 42 as a source of vibration, 1t
will be surrounded along with the spindle motor 42 as the
vibration source by the outer dampers 141 and 142 and inner
dampers 145 and 146. Thus, these dampers will damp the
vibration of the spindle motor 42 more effectively. Also, when
the first optical pickup unit 50 1s moved to the outer radius
away 1rom the spindle motor 42 as the vibration source, 1t will
be surrounded by at least three of the pair of outer dampers
141 and 142 and the mner damper 145 or 146, so that the
influence of the vibration of the spindle motor 42 can be
suppressed.
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Similarly, the outer dampers 143 and 144 and inner damp-
ers 145 and 146 are disposed to surround the moving range of
the second optical pickup unit 100. More specifically, the
second optical pickup unit 100 1s moved between the inner
and outer radi1 of the disk-shaped recording medium 3 placed
on the disk rotation drive 13 and it will be surrounded by the
outer dampers 143 and 144 and inner dampers 145 and 146 1n
any place within the above moving range, as shown in FIGS.
7 and 8. When the second optical pickup unit 100 1s moved to
the 1nner radius toward the spindle motor 42 as a source of
vibration, 1t will be surrounded along with the spindle motor
42 as the vibration source by the outer dampers 143 and 144
and 1nner dampers 145 and 146. Thus, these dampers will
damp the vibration of the spindle motor 42 more effectively.
Also, when the second optical pickup unit 100 1s moved to the
outer radius away from the spindle motor 42 as the vibration
source, 1t will be surrounded by at least three of the pair of
outer dampers 143 and 144 and the inner damper 145 or 146,
so that the mfluence of the vibration of the spindle motor 42
can be suppressed.

As above, the first and second optical pickup units 50 and
100 have their moving ranges surrounded by the pair of outer
dampers 141 and 142 or 143 and 144 provided in positions
corresponding to the outer radius of the disk-shaped record-
ing medium 3 as well as by the pair of inner dampers 145 and
146 provided in positions corresponding to the inner radius of
the disk-shaped recording medium 3. Therefore, even 1f the
optical pickup unit 1s moved to any place between the 1inner
and outer radi1 of the disk-shaped recording medium 3, 1t 1s
possible to prevent write or read of content data to or from the
disk-shaped recording medium from being influenced by the
vibration of the spindle motor 42 as the vibration source.

Also, when the first or second optical pickup unit 50 or 100
1s moved to the imner radius of the disk-shaped recording
medium, 1t will be surrounded along with the spindle motor
42 as the source of vibration by the four dampers including
the pair of inner dampers 145 and 146 and outer dampers 141
and 142 or 143 and 144, whereby 1t can eflectively be pre-
vented from being influenced by the vibration.

Also, when the first or second optical pickup unit 50 or 100
1s moved to the outer radius of the disk-shaped recording
medium, 1t will be surrounded by at least three dampers
including the pair of outer dampers 141 and 142 or 143 and
144 and mner dampers 145 or 146, whereby it can positively
be 1solated from the vibration of the spindle motor 42.

The disk drive 1 constructed as above functions as will be
described below. Before the disk-shaped recording medium 3
1s introduced 1nto the device body 2 of the disk drive 1, both
the first and second optical pickup units 50 and 100 of the
write/read mechanism 11 are at the inner radius near the disk
rotation drive 13 and are waiting for imntroduction of the disk-
shaped recording medium 3.

When the disk-shaped recording medium 3 1s introduced
from the disk slot 7 formed 1n the front side 2a of the device
body 2, 1t 1s carried by the disk carrying mechanism which
will not be described 1n detail herein to the rear side 26 of the
device body 2 and loaded onto the disk table 41 of the write/
read unit 4 as shown 1n FIG. 1.

Then, 1n the disk drive 1 according to the present invention,
the write/read unit 4 1s disposed with the length thereof being
parallel to the front side 2a of the device body 2 and the
disk-shaped recording medium 3 introduced from the disk
slot 7 1s carried 1n the direction of arrow F or 1n a direction
opposite to the direction of arrow F 1n FIG. 1, namely, 1n the
front-rear direction of the base chassis 12 of the write/read
unit 4. That 1s, the disk-shaped recording medium 3 1s carried
in the front-rear direction perpendicular to the length of the
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base chassis 12 and in which the first and second optical
pickup units 50 and 100 are moved. Therefore, compared
with a disk drive 1n which a disk-shaped recording medium 1s
carried longitudinally of the base chassis, namely, 1n a direc-
tion 1n which the optical pickup unit 1s moved, the disk drive
1 according to the present ivention has only to carry the
disk-shaped recording medium 3 over a shorter distance to the
disk table 41, and thus can load and unload the disk-shaped
recording medium more rapidly. Also, because of the shorter
distance over which the disk-shaped recording medium 3 1s
carried, the disk carrying mechanism can be designed more
compact.

When the disk-shaped recording medium 3 1s carried by
the disk carrying mechanism onto the disk table 41, the type
of the disk-shaped recording medium 3 is detected. The disk
drive 1 will write or read content data to or from the disk-
shaped recording medium 3 1n a format corresponding to the
detected disk type.

The type of the disk-shaped recording medium 3 1s
detected by the first optical pickup unit 50. When the disk-
shaped recording medium 3 1s rotated by the disk rotation
drive 13, the first optical pickup unit 50 projects a laser beam
emitted from the light emitting element to the signal record-
ing surface of the disk-shaped recording medium 3 and
detects a return light from the signal recording surface by the
photodetector. The laser light detected by the photodetector 1s
supplied to an identification data decoder 151 via an RF
circuit 150, and identification data recorded at a predeter-
mined address on the disk-shaped recording medium 3 1s
detected (as shown in FIG. 9). Then, a system controller 152
identifies the type of the disk-shaped recording medium 3
mounted on the disk table on the basis of the detected 1den-
tification data.

Then, the system controller 152 will select the first or
second optical pickup unit 50 or 100 correspondingly to the
identified type of the disk-shaped recording medium 3. More
specifically, when the first disk-shaped recording medium 3a
having content data recorded therein in the first format 1s
mounted on the disk table, the first optical pickup unit 50 wall
be selected. On the other hand, in case the second disk-shaped
recording medium 35 having content data recorded therein in
the second format 1s mounted on the disk table, the second
optical pickup unit 100 will be selected. Also, the system
controller 152 selects one of four decoders 153 to 156 which
decode the recorded content data correspondingly to the
detected type of the disk-shaped recording medium 3. For
example, 1n case the first disk-shaped recording medium 3a
having the content data recorded therein 1n the first format 1s
detected, the system controller 152 will select either the first
or second decoder 153 or 154. Either the first or second
decoder 153 or 154 1s selected correspondingly to a difference
between new and old versions of the reading format. Also, in
case the second disk-shaped recording medium 35 having the
content data recorded therein 1n the second format 1s detected,
the system controller 152 will select either the third or fourth
decoder. Any of the third and fourth decoders, such as CD
write/read decoder and DVD wrnte/read decoder, for
example, 1s selected correspondingly to differences 1n physi-
cal format including the track pitch, pit size, etc. of the disk-
shaped recording medium 3 and data format including the
modulation method etc. between the first and second disk-
shaped recording media. It should be noted that the number of
the decoders to be used 1s appropnately increased or
decreased correspondingly to the type of the writing or read-
ing format of the disk-shaped recording medium 3.

In the disk drive 1 according to the present invention, the
type of the disk-shaped recording medium 3 mounted on the
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disk table 41 1s detected by the first optical pickup unit 50 as
above. As mentioned above, the first optical pickup unit 50 1s
used to only read data from the first disk-shaped recording
medium 3a having content data recorded therein in the first
format. Namely, the first optical pickup unit 50 15 used less
frequently than the second optical pickup unit 100 used to
write or read data to or from the second disk-shaped recording,
medium 35 to which content data 1s to be recorded in the
second format. Therefore, using the first optical pickup unit
50 to detect the type of a disk-shaped recording medium 3 set
on the disk table 41, 1t 1s possible to reduce the load to the
frequently used second optical pickup umt 100 and thus
assure a longer service life of the second optical pickup unit
100.

According to the present invention, the disk drive 1 may
also be designed to use the second optical disk unit 100 for
detection of the type of the disk-shaped recording medium 3
mounted on the disk table. As above, the second optical
pickup unit 100 1s used to write or read data to or from the
second disk-shaped recording medium 35 to which content
data 1s to be recorded 1n the second format, and 1n the second
optical pickup umt 100, a skew is real-time detected and
adjusted and an inclination of the optical axis of the laser
beam projected onto the signal recording surface 1s corrected
with a high accuracy in order to focus the laser beam perpen-
dicularly to the signal recording surface in which the track
pitch, pit and the like included in the physical format are
small.

Therelfore, using the second optical pickup unit 100 to
detect the type of the disk-shaped recording medium 3
mounted on the disk table 41, it 1s possible to detect a disk
accurately without any error in disk type detection.

When the type of a disk-shaped recording medium 3 1s
detected, an optical pickup unit corresponding to the detected
disk type 1s selected and the decoders corresponding to the
detected disk type 1s selected, content data will be written to,
or read from, the disk-shaped recording medium 3 corre-
spondingly to a user’s operation.

Concerning the first optical pickup mechanism 14, 1t 1s
assumed here that the first disk-shaped recording medium 3a
having content data recorded therein 1n the first format 1s set
on the disk table. In this case, as the lead screw 71 of the
pickup moving mechanism 70 1s rotated by the screw motor
72 driven with a control signal supplied from the system
controller 152, the engagement member 56 being 1n mesh
with the lead screw 71 1s moved in the direction in which the
threads o the lead screw 71 are formed. Thus, the pickup base
51 of the first optical pickup unit 50 will be moved between
the mner and outer radi1 of the first disk-shaped recording,
medium 3a, namely, 1n the direction 1n which the guide shaifts
60 and 61 extend.

Concerning the second optical pickup mechanism 16, 1t 1s
assumed here that the second disk-shaped recording medium
36 having content data recorded therein 1n the second format
1s set on the disk table. In this case, as the gear mechanism 121
ol the pickup moving mechanism 120 is rotated by the feed
motor 122 driven with a control signal supplied from the
system controller 152, the rack member 106 being in mesh
with the gear mechanism 121 1s moved. Then, the second
optical pickup unit 100 connected to the rack member 106 1s
moved along with the rack member 106 and thus the pickup
base 101 1s moved between the mner and outer radi1 of the
second disk-shaped recording medium 35, that 1s, 1n the
direction 1n which the guide shaits 110 and 111 extend.

Then, 1n the first or second optical pickup unit 50 or 100
selected correspondingly to the type of the disk-shaped
recording medium 3, a laser beam emitted from the light
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emitting element and having a predetermined wavelength 1s
guided to the objective lens 52 or 102 via a beam splitter. The
objective lens 352 or 102 projects the laser beam onto the
signal recording surface of the disk-shaped recording
medium 3 and focuses 1t on a recording track where pits are
recorded. Then, the laser beam has the intensity thereof
modulated based on the pit state 1n the recording track and
reflected by a reflective layer of the disk-shaped recording
medium 3 for being incident back upon the objective lens 52
or 102. The objective lens 52 or 102 allows the return light to
pass by for incidence upon the photodetector through the
beam splitter. In the disk drive 1, a read output from the
photodetector, corresponding to the pit state, 1s sent to the first
to fourth decoders 153 to 156 pre-selected by the RF circuit
150 or 158. After decoded by modulation or otherwise pro-
cessing 1n the decoders, the read output 1s supplied to a
monitor 159 and speaker 160 connected to the device body 2
to reproduce the content data.

Also, when writing content data to the disk-shaped record-
ing medium 3, the second optical pickup unit 100 1s supplied
with a string of to-be-recorded data supplied from the hard
disk drive 5 and converted by a recording processor 161 into
a predetermined format, and writes the data string to the
disk-shaped recording medium 3. The recording processor
161 includes an encoding circuit and modulation circuit. The
supplied string of to-be-recorded data has an error correction
code added thereto by the encoding circuit, and undergoes
8-14 modulation or 8-16 modulation 1n the modulation cir-
cuit.

While the first or second optical pickup unmt 50 or 100 1s
writing or reading data, a servo circuit 162 or 163 drives the
spindle motor 42 until the disk-shaped recording medium 3
arrives at a target velocity of rotation.

The servo circuit 162 or 163 drives a biaxial actuator on the
basis of a focus error signal (FE signal) supplied from the RF
amplifier 150 or 158 to make focusing servo control for
displacing the focal position of the light beam 1n relation to
the disk-shaped recording medium 3. More specifically, the
servo circuit 162 or 163 forms a negative feedback servo loop
in which the FE signal will be zero, to thereby drive the biaxial
actuator. Also, the servo circuit 162 or 163 drives the biaxial
actuator on the basis of a tracking error signal (TE signal)
supplied from the RF amplifier 150 or 158 to make tracking
servo control for moving the position on which the light beam
1s Tocused 1n a direction perpendicular to the recording track
of the disk-shaped recording medium 3. More particularly,
the servo circuit 162 or 163 forms a negative feedback servo
loop 1n which the TE signal will be zero, to thereby drive the
biaxial actuator.

Note here that since the first optical pickup unit 50 has been
skew-adjusted during production or at shipment, 1t can read
content data from the first disk-shaped recording medium 3a
without any trouble. On the other hand, since the second
optical pickup unit 100 has to always correct an inclination of
the optical axis in relation to the signal recording surface of
the second disk-shaped recording medium 35 to write or read
content data to or from the second disk-shaped recording
medium 35, so 1t makes a real-time skew adjustment during
data write or read.

More particularly, 1n the second optical pickup unit 100,
inirared light emitted from the skew sensor 108 1s reflected at
the signal recording surface of the second disk-shaped
recording medium 36 and this reflected infrared light 1s
detected by the skew sensor 108. The skew sensor 108 pro-
duces a skew error signal by making differential amplification
of the detected infrared light and supplies it to the servo
circuit 163. The servo circuit 163 drives the skew adjusting
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motor 132 of the second skew adjusting mechanism 130 for
the skew error signal to have a minimum value.

As above, the disk drive 1 according to the present inven-
tion includes the first and second optical pickup units S0 and
100, and the first and second skew adjusting mechanisms 80
and 130 which make a skew adjustment of the first and second
optical pickup units 50 and 100, respectively. The first optical
pickup unit 50 has been roughly skew-adjusted during pro-
duction, or at shipment, of the disk drive 1. The second optical
pickup unit 100 1s real-time skew-adjusted accurately during,
write to, or read from, the disk-shaped recording medium 3
having content data recorded therein in the second format.
Therefore, the two pickup mechanisms and skew adjusting
mechanisms are selectively used correspondingly to the type
of the disk-shaped recording medium 3 mounted on the disk
table, to thereby permit write or read of content data at an
appropriate skew angle.

Also, 1 the disk drive 1 according to the present invention,
when one of the optical pickup units 1s moved between the
inner and outer radn of the disk-shaped recording medium 3,
the other optical pickup unit 1s also moved synchronously
with the one optical pickup unit, so that the center of the base
chassis 12 1s always controlled for balance with the spindle
motor 42.

Specifically, in the disk drive 1, the system controller 152
detects the distances over which the first and second optical
pickup units 50 and 100 have been moved, and controls the
pickup moving mechanisms 70 and 120 to move, correspond-
ingly to the detected distance over which the one optical
pickup unit has been moved, the other optical pickup unit (see
FIG. 9).

More specifically, the system controller 152 1s connected to
a memory 164 1n which there 1s recorded a table 1n which the
weight of the first and second optical pickup units 50 and 100,
distance over which the second optical pickup unit 100 is
moved for counterbalance of the base chassis 12 1n response
to the movement of the first optical pickup unit 50, and dis-
tance over which the first optical pickup unit 50 1s moved for
counterbalance of the base chassis 12 1n response to the
movement of the second optical pickup unit 100, are corre-
lated with each other. When one of the first and second optical
pickup units 50 and 100, selected correspondingly to the type
ol the disk-shaped recording medium 3 mounted on the disk
table 41, 1s moved by the pickup moving mechanism 70 or
120 between the mner and outer radini of the disk-shaped
recording medium 3, the system controller 152 detects the
distance over which the selected optical pickup unit has been
moved, and controls the motor of the pickup moving mecha-
nism 70 or 120 on the basis of the table recorded in the
memory 164 to move the other optical pickup unit to the inner
and outer radi of the disk-shaped recording medium 3.

As above, one of the first and second optical pickup units
50 and 100 disposed opposite to the base chassis 12 1s moved
between the inner and outer radii of the disk-shaped recording,
medium 3 while the other optical pickup unit 1s moved
between the inner and outer radii of the disk-shaped recording
medium 3 synchronously with the one optical pickup unait, so
that the movement of the other optical pickup unit will coun-
terbalance a change 1n weight balance of the base chassis 12,
caused by the movement of the one optical pickup unait.
Theretore, even 11 the first or second optical pickup umt 50 or
100 has been moved to any position between the mnner and
outer radi1 of the disk-shaped recording medium 3, the center
of gravity of the base chassis 12 will not be off the spindle
motor 42 as the source of vibration and thus the disk-shaped
recording medium 3 can be kept stably rotated without any
axial deflection. Also, since the disk-shaped recording
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medium 3 1s thus rotated stably, so the first or second optical
pickup unit 50 or 100 can positively write or read content
data.

As shown 1n FIGS. 7 and 8, the engagement piece 54 at the
one end 51a of the pickup base 51 1s engaged on the guide
shaft 60, and the guide shaft 61 1s inserted in the insertion hole
55 at the other end 515b. Thus, the first optical pickup unit 50
1s supported on the guide shafts 60 and 61 at three points
thereol including the engagement piece 54 and opposite ends
of the insertion hole 55. On the other hand, the engagement
piece 104 formed at the one end 101a of the pickup base 101
1s engaged on the guide shait 110, and the guide shaits 111 1s
inserted in the insertion hole 105 formed in the other end
1015, 1n such a manner that the second optical pickup unit 100
and first optical pickup umt 50 will be symmetrical with
respect to the disk rotation drive 13. Thus, the second optical
pickup unit 100 1s supported on the guide shaits 110 and 111
at three points thereof including the engagement piece 104
and opposite ends of the msertion hole 105.

Further, the pickup moving mechanism 70 to move the first
optical pickup unit 50 1s disposed adjacent to the guide shaft
61 and at the rear side 125 of the base chassis 12. On the other
hand, the pickup moving mechanism 120 to move the second
optical pickup unit 100 1s disposed adjacent to the guide shatt
111 and at the front side 12a of the base chassis 12 to be
symmetrical with the pickup moving mechanism 70 with
respect to the disk rotation drive 13.

Thus, because of the above arrangement of the first and
second optical pickup units 50 and 100, the weight balance of
the write/read mechanism 11 1s kept about the disk rotation
drive 13 disposed nearly at the center of the base chassis 12.
Theretfore, since the weight of the write/read unit 4 1s thus
balanced, so the disk drive 1 can make stable write to, or read
from, the disk-shaped recording medium 3.

Also, 1n the disk drive 1 according to the present invention,
while the second optical pickup unit 100 1s writing content
data, the first optical pickup unit 50 verifies whether the
second optical pickup unit 100 has successtully written the
content data to the disk-shaped recording medium 3.

Since the disk drive 1 includes the second optical pickup
unmt 100 which 1s writable and the first optical pickup unit 50
which only reads data and thus the second optical pickup unit
100 can write data while the first optical pickup unit 50 can
read data, so 1t 1s possible to real-time verily whether content
data has successtully been written. Therefore, in the disk
drive 1, 1f a disturbance such as a shock has caused data write
to be unsuccessiul, 1t 1s possible to suspend the writing opera-
tion, rapidly detect an address where the writing has been
made, and resume the writing.

More specifically, while the second optical pickup unit 100
1s writing content data, the first optical pickup unit 50 emats
light beam and detects return light from the signal recording
surface by the photodetector. The return light detected by the
photodetector 1s supplied to the system controller 152 via the
RF circuit 150. The system controller 152 1s supplied with
data to be written to the disk-shaped recording medium 3
from the recording processor 161. Then, the system controller
152 will compare the to-be-recorded data supplied from the
recording processor 161 with recorded data read by the first
optical pickup unit 50 at each address. IT a write error 1s found,
the system controller 152 will control the second pickup
moving mechanism 120 to detect an address where the error
has occurred and the second optical pickup unit 100 wall
resume the writing once suspended.

Note here that in a disk drive including only one optical
pickup unit, 1f there has occurred a failure 1n write to the
signal recording surface of the disk-shaped recording
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medium 3, 1t 1s verified, after all content data have completely
been written to the disk-shaped recording medium 3, whether
the content data have successtully been written, which wall
take a long time for the verifying operation, and no rapid
resumption of writing will thus be possible. However, the
simultaneity between data write by the second optical pickup
unit 100 and verification by the first optical pickup unit 50 as
in the disk drive 1 according to the present invention makes 1t
possible to rapidly detect any write error and resume the
writing once suspended.

Therefore, the disk drive 1 can rapidly write data and
resume write to a disk-shaped recording medium 3 to which
data can be continuously written time-serially, such as a
CD-R, DVD-R or the like.

Also, the first and second optical pickup units 50 and 100
are moved between the inner and outer radin of the disk-
shaped recording medium 3 when 1t 1s going to write or read,
as shown 1n FIGS. 7 and 8. Since the outer dampers 141 to 144
and inner dampers 1435 and 146 are installed at opposite ends,
respectively, of the mount 24 formed near the comers and at
the longitudinal middle of base chassis 12 and the base chas-
s1s 12 1s supported on the upper and lower frames 18 and 19
of the base frame 10 via the dampers 141 to 146, so 1t 1s
possible to effectively 1solate the first and second optical
pickup units 50 and 100 from the vibration of the spindle
motor 42 on the base chassis 12.

More specifically, when the first and second optical pickup
units 50 and 100 are moved to the inner radius of the disk-
shaped recording medium mounted on the disk table, namely,
in a direction 1n which they are nearer to the spindle motor 42
as the source of vibration, they will be surrounded along with
the spindle motor 42 by the outer dampers 141 and 142 or 143
and 144 and inner dampers 145 and 146 and thus it 1s possible
to more elfectively 1solate the first and second optical pickup
units 50 and 100 from the vibration of the spindle motor 42.
Also, when the first and second optical pickup units 50 and
100 are moved to the outer radius, that 1s, 1n a direction 1n
which they are away from the spindle motor 42, they will be
surrounded by at least three dampers including the pair of
outer dampers 141 and 142 or 143 and 144 and the inner
damper 145 or 146 and thus it 1s possible to prevent the first
and second optical pickup units from being influenced by the
vibration of the spindle motor 42.

In the foregoing, the present mnvention has been described
in detail concerning certain preferred embodiments thereof as
cxamples with reference to the accompanying drawings.
However, 1t should be understood by those ordinarily skilled
in the art that the present invention is not limited to the
embodiments but can be modified in various manners, con-
structed alternatively or embodied in various other forms
without departing from the scope and spirit thereof as set forth
and defined 1n the appended claims.

Namely, the present mvention 1s not limited to the disk
drive 1 having been described in the foregoing but the first
optical pickup unit 50, for example, may be designed to write
and/or read data. In the above disk device 1, the disk-shaped
recording medium 3 1s inserted directly into the device body
2, but the present invention 1s not limited to this design. The
disk device 2 may be designed to have a disk tray which 1s
formed movable 1nto and out of the device body 2 so that a
disk-shaped recording medium 3 can be placed on the disk
tray and carried as 1t 1s 1nto the device body 2.

What is claimed 1s:

1. A disk drive comprising:

a base chassis;

a disk rotation drive including a disk table disposed on the

base chassis to hold a disk-shaped recording medium
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and a spindle motor coupled to the disk table to rotate the
disk-shaped recording medium;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to only read
information signals recorded in a first disk-shaped
recording medium of a first type set on the disk table, and
a first pickup moving mechanism that moves the first
optical pickup unit 1n a direction radial to the first disk-
shaped recording medium;

a second optical pickup mechamism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write information signals to and
read information signals from a second disk-shaped
recording medium of a second type set on the disk table,
and a second pickup moving mechanism that moves the
second optical pickup unit in a direction radial to the
second disk-shaped recording medium;

a skew detecting means for detecting an inclination of an
optical axis of light emitted from the second optical
pickup unit in relation to the second disk-shaped record-
ing medium; and

a skew adjusting means for adjusting a skew of the second
optical pickup unit writing or reading information sig-
nals to or from the second disk-shaped recording
medium by adjusting an inclination of the second optical
pickup unit correspondingly to the optical axis inclina-
tion detected by the skew detecting means.

2. The disk drive according to claim 1, wherein:

the base chassis has provided thereon a sub chassis having
the second optical pickup mechanism disposed thereon
opposite to the first optical pickup mechanism across the
disk rotation drive; and

the sub chassis has the inclination thereof adjusted by the
skew adjusting means to make a skew adjustment of the
second optical pickup unit.

3. The disk drive according to claim 1, further comprising,

a veritying means for verilying, by the first optical pickup
mechanism, when the second optical pickup mechanism 1s
writing information signals to the second disk-shaped record-
ing medium, whether the information signals have success-
fully been written.

4. The disk drive according to claim 1, wherein the sub
chassis has formed therein a movement opening 1n which the
second optical pickup unit 1s movable 1n a direction radial to
the second disk-shaped recording medium, and has also
formed thereon a coupling member to couple opposite ends of
the movement opening to each other in a direction perpen-
dicular to a moving direction of the second optical pickup
unit.

5. A disk drive comprising;:

a base chassis;

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium
and a spindle motor coupled to the disk table to rotate the
disk-shaped recording medium;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to read infor-
mation signals from a first disk-shaped recording
medium of a first type set on the disk table, and a first
pickup moving mechanism that moves the first optical
pickup unit in a direction radial to the first disk-shaped
recording medium;

a second optical pickup mechamism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write information signals to and
read information signals from a second disk-shaped
recording medium of a second type set on the disk table,
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and a second pickup moving mechanism that moves the
second optical pickup unit in a direction radial to the
second disk-shaped recording medium;

a skew detecting means for detecting an inclination of an
optical axis of light emitted from the second optical
pickup unit 1n relation to the second disk-shaped record-
ing medium;

a skew adjusting means for adjusting a skew by adjusting
an 1clination of the second optical pickup unit corre-
spondingly to an inclination of the optical axis, detected
by the skew detecting means; and

a detecting means for detecting by the second optical
pickup umit a type of a disk-shaped recording medium
inserted nto the disk drive.

6. The disk drive according to claim 5, wherein:

the base chassis has provided thereon a sub chassis having
the second optical pickup mechanism disposed thereon
opposite to the first optical pickup mechanism across the
disk rotation drive; and

the sub chassis has an inclination thereof adjusted by the
skew adjusting means to make a skew adjustment of the
second optical pickup unit.

7. A disk drive comprising:

a base chassis:

a disk rotation drive including a disk table disposed on the
base chassis to hold a disk-shaped recording medium
and a spindle motor coupled to the disk table to rotate the
disk-shaped recording medium;

a first optical pickup mechanism including a first optical
pickup unit disposed on the base chassis to read nfor-
mation signals from a first disk-shaped recording
medium of a first type set on the disk table, and a first
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pickup moving mechanism that moves the first optical
pickup unit 1n a direction radial to the first disk-shaped
recording medium;

a second optical pickup mechanism including a second
optical pickup unit disposed opposite to the first optical
pickup mechanism to write information signals to and
read information signals from a second disk-shaped
recording medium of a second type set on the disk table,
and a second pickup moving mechanism that moves the
second optical pickup umt in a direction radial to the
second disk-shaped recording medium;

a skew detecting means for detecting an inclination of an
optical axis of light emitted from the second optical
pickup unit 1n relation to the second disk-shaped record-
ing medium;

a skew adjusting means for adjusting a skew by adjusting,
an 1nclination of the second optical pickup unit corre-
spondingly to an inclination of the optical axis, detected
by the skew detecting means; and

a detecting means for detecting by the first optical pickup
unit a type of a disk-shaped recording medium nserted
into the disk drive.

8. The disk drive according to claim 7, wherein:

the base chassis has provided thereon a sub chassis having
the second optical pickup mechanism disposed thereon
opposite to the first optical pickup mechanism across the
disk rotation drive:

the sub chassis has an inclination thereof adjusted by the
skew adjusting means to make a skew adjustment of the
second optical pickup unit.
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